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plementaren Transistoren (T^jT^) geschaltet sind, deren 
Kollektorelektroden miteinander und Uber einen Kondensator 
(C^) mit den Basis el ektroden der ersten beiden symmetrisch 
angeordneten Transistoren (T^^T^) verbunden sind, daB die 
Emitterelektroden des zweiten Transistorpaares (T2,T^) an 
entgegengesetzten Polen einer Serienschaltung aus zwei Bat- 
terien (U^jUj) anliegen, wobei der Mittelabgriff (0) der 
beiden Batterien (U^jUg) liber einen Widerstand (R^) auf die 
beiden Emitterelektroden des ersten Transistorpaares (T^, 
Tj) gefuhrt ist, und daB eine Elektrode (E^) mit den bei- 
den Kollektorel ektroden des zweiten Transistorpaares ("^2^ 
T^) verbunden ist, wahrend die andere Elektrode (E2) am 
Mittelabgriff (0) anliegt. 

Fibrillator fiir Herzchirurgie nach Anspruch 1, dadurch 
gekennzeichnet , daB bei einem der Transi- 
storen des zweiten Transistorpaares (T2,T^) zwischen Basis- 
und Emitterelektrode ein Widerstand (Rg) eingefugt ist. 

Fibrillator fur Herzchirurgie nach Anspruch 1 Oder 2, da- 
durch gekennzeichnet, daB in die Emitter- 
elektroden des ersten Transistorpaares (T^jT^) Leuchtdio- 
den (D^jDj) eingefugt sind. 

Fibrillator fur Herzchirurgie nach einem der Anspriiche 1 
bis 3, dadurch gekennzeichnet , daB der Ge- 
nerator im Tonfrequenzbereich schwingt. 
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Fibrillator fur Herzchirurgie 

Die Erfindung betriff t einen Fibrillator fur Herzchirurgie, 
bestehend aus einem Generator und zwei Elektroden, die wahrend 
einer Herzoperation kurzzeitig an der Oberflache des Herzens 
angel eg t werden. 

Es ist bekannt, dafi bei einer Belastung des menschlichen Kor- 
pers mit niederf requenten Stromen entsprechender Starke Oder 
mit Gleichstroraimpulsen, die Herz- und anderen Muskelfasern in 
eine fortgesetzte ungeordnete Tatigkeit versetzt werden (Fibril, 
lation). Sie besteht aus rhytmischen, aber nicht synchronen 
Dehnungen und Kontraktionen einzelner Fasern, so daB die Funk- 
tion des Gesamtsys terns gestort ist, z.B. Herzkaramerf limmern. 

Biei Operationen am offenen Herzen wird diese Tatsache dazu be- 
nutzt, durch elektrische Reize eine ventrikulare Fibrillation 
hervorzurufen. Zu diesem Zweck bringt man Elektroden mit unge- 
fahr 1 cm Oberflache an zwei Stellen der Herzoberf lache an 
und legt eine 50Hz Spannung an die Elektroden. Der elektrische 
Strom stimuliert und depolarisiert gleichzeitig einen groflen 
Teil des Herzmuskels. Zur gleichen Zeit depolarisieren die Im- 
pulse, die auf dera normalen Weg das Herz erreichen, die endo- 
cardiale Oberflache. Durch das Ineinandergreif en der beiden 
Prozesse ergibt sich eine unregelmaBige Depolarisation, die 
verschiedene Zonen des Myocards in unterschiedliche Erregungs- 
zustande versetzt und fiir die Fibrillation verantwortlich ist. 
Um diesen Zustand zu erreichen, sind hohe Stromdichten erfor- 
derlich, da ein genugend grofler Bereich depolarisiert werden 
mufl. Bis zu 10 Volt sind erforderlich, um die Fibrillation zu 
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troden des ersten Paares aus zwei symmetrisch angeordneten 
jcoiRplementaren Transistoren jeweils miteinander verbunden sind 
una die Kollektorelektroden auf die Basiselektroden des zwei- 
ten Paares aus zwei synunetrisch angeordneten komplementaren 
Transistoren geschaltefc sind, deren Kollektorelek troden mitein- 
ander und liber einen Kondensstor mit den Basiselek troden der 
ersten beiden synunetrisch angeordneten Transistoren verbunden 
sind, dafl die Emitterelek troden des zweiten Trans is torpaares an 
entgegengesetzten Polen einer Serienschaltung aus zwei Batte- 
rien anliegen, wobei der Mittelabgrif f der beiden Batterien uber 
einen Wider stand auf die beiden Emitterelek troden des ersten 
Trans is torpaares gefuhrt ist, und daB eine Elektrode mit den 
beiden Koliektoreiektroden des zweiten Trans is torpaares verbun- 
den ist, wahrend dia andere Elektrode am Mittelabgrif f anliegt. 

r:.'3 weitere vorteiihafte Ausgestaltung des Fibrillators ist aus 
csii Unteranspriichen ersichtlich. 

Lie besonderen Vorteiie des erf indungsgemaBen Fibrillators be- 
stehen darin, daB er als kleines, stif tf ormiges, netzunabhangi- 
gas Gerat in der Forni eines Opera ticnsbesteckes mit fest eing:^- 
bauten Eiektroden genau wie dieses behandelt werden kann, d.h- 
\-oil sterilisiert am Operations tisch griffbereit liegt. Die 
handliche Ausf iihrungsf orm ermoglicht ein rasches Ubers treichen 
ces Kerzmuskels, wobei eine Stimulation an mehreren Stellen des 
Herzmuskels erfolgt und dadurch mit Sicherheit die Fibrillation . 
erreitht wird. Der erf indungsgemaBe Fibrillator ist auch sehr 
sparsam im Stromverbrauch, da er sich erst beim Anlegen der 
Eiektroden an der Herzoberf ISche selbsttatig einschaltet. Ferner 
ist er kurzschluflsicher. 

Ein Ausfuhrungsbeispiel der Erfindung ist in der Zeichnung dar- 
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Pig. 2 zeigt einen kompletten Fibrillator gemaBder Erfindung 
in der aufieren Form eines L-formigen Opera tionsbesteckes. Der 
kurze Schenkel 5 enthalt die Elektroden E^ und E^. In einen 
Hohlzylinder 4 aus Isolierstoff ist der Generator untergebracht. 
Der lange Schenkel 6, der vorzugsweise aus Metall mit plange- 
schliffener Oberflache hergestellt ist, enthalt die Batterien 

In Fig. 3 ist eine Schallquelle S dargestellt, die an die Elek- 
troden E^,E2 des Fibrillators anschaltbar ist. Die Kontaktierung 
der Schallquelle S erfolgt iiber einen ringf ormigen Kontakt 9, an 
dem die Elektrode E2 des Fibrillators anliegt, sowie iiber eine 
Kontaktplatte 8, die isoliert in den ringf ormigen Kontakt 9 ein- 
gelegt ist und mit der Elektrode E^ in Verbindung gebracht wird. 

Die elektrische Schaltung des Fibrillators nach Fig. 1 funktio- 
niert f olgendermaBen: Sobald das Kerz mit den Elektroden E^,E2 
in BerUhrung kommt, entladt sich der Kondensator iiber den 
Herzwiderstand, der durch den Widerstand Rj^ dargestellt ist, unter 
der Annahme, daC der Kondensator gegeniiber dem Bezugspotential 
am Mittelabgriff 0 im Zeitpunkt der Betrachtung negativ aufgela- 
den ist. Durch das auftretende |^ flieBt ein Strom in die Basis- 
elektrode des Transistors T^, wodurch der Transistor leitend 
wird. Der Kondensator wird dadurch positiv aufgeladen (Mit- 
kopplungseffekt). Ist die Aufladung beendet, geht || gegen 0, 
der Transistor T^ sperrt und damit auch der Transistor T2. Der 
Kondensator entladt sich wieder iiber den Herzwiderstand mit 
umgekehrter Stromrichtung, so daB die Transistoren T3 und T^ lei- 
tend werden bis der Kondensator negativ aufgeladen ist. An- 
schiieBend wiederholt sich der eben beschriebene Entladungsvor- 
cang, so daB eine symmetrische Rechteckspannung mit einer durch 
die GrcBe des Kondensators gegebenen Frequenz auftritt. 
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@ Fibrillation Induction method for implantable devices. 



(57) A method and apparatus for generating a 
multiphasic defibrillation/cardioversion 
waveform as well as a multiphasic fibrillation 
inducing pulse train. The multiphasic fibrillation 
inducing wavefomi being applied to the same 
electrodes as the defibrillation/cardioversion 
waveform. 
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BACKGROUND OF THE INVENTION 

The present invention relates to implanted ar- 
rhythmia control devices, and more particularly to a 
non-invasive method and apparatus for inducing ar- 
rhythmias after the device is implanted. More specif- 
ically, it relates to a non-invasive method and appa- 
ratus for generating fibrillation inducing pulse trains 
for the purpose of testing an implanted cardlove- 
sion/defibriltator. 

Ventricular fibrillation typically must be induced 
when an automatic implantable cardioverter defibril- 
lator Is implanted and for follow-up studies to test the 
effectiveness of the automatic implantable cardiover- 
ter defibrillator in def ibriltating. 

When implantable arrhythmia control devices 
are used, it is desirable to allow stimulation of the 
heart to induce arrhythmias after the device is inrv 
planted, without the need to introduce a separate 
stimulating lead/wire. That is, a non-invasive nrrethod 
of inducing arrhythmias is desirable. 

In order to induce fibrillation for the purpose of 
testing an implanted arrhythmia control device, burst 
or ramped burst pacing at very fast stimulation rates 
has been used to induce ventricular fibrillation In 
some patients. However, due to the small energy lev- 
els involved and the relatively small size and place- 
ment of the pacing electrode system, this method 
does not successfully induce ventricular fibrillation. 
Programmed electrical stimulation or non-invasive 
premature stimulation has also been used to induce 
ventricular tachycardia, but does not always reliably 
induce ventricular fibrillation. Programmed electrical 
stimulation or non-invasive premature stimulation 
commonly consist of delivering a series of fixed rate 
pace pulses, followed by 1 to 5 pacing "extra-stimuli" 
at various shorter intervals coupled to the last fixed 
rate pulse. Both programmed electrical stimula- 
tion/non-invasive premature stimulation and burst 
pacing use the much smaller pacing electrodes which 
tend to localize the stimulation. Fibrillation is more 
easily induced when large portions of the heart are 
stimulated simultaneously. 

While t hese prior systems generally are effective, 
there is room for improvement. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present inven- 
tion to provide a method and apparatus for generating 
a multiphasic fibrillation inducing pulse train via the 
defibrillation/ cardioversion leads and electrodes of 
an already implanted defibrillator to thereby test the 
Implanted defibrillator non invasively. 

Briefly, the present invention is directed to a 
method and apparatus for use with an implanted de- 
fibrillator, having an external programmer including 
telemetry means. The telemetry means is used to 



communicate with an implantable device incorporat- 
ing a multiphasic circuitry for non-invasively deliver- 
ing a fibrillation inducing pulse train via the defibrilla- 
tion/cardioversion leads and electrodes of the already 

5 implanted defibrillator, in this manner, the present in- 
vention facilitates testing of an already implanted de- 
fibrillator without the need to induce fibrillation by in- 
vasive techniques. 

The above and other objects and advantages will 

10 become more readily apparent when reference is 
made to the following description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTiON OF THE DRAWINGS 

IS 

Figure 1 is a schematic diagram of the circuitry of 
an implanted defibrillator, capable of generating a 
multiphasic defibrillation waveform, and adapted to 
be used with an external programmer, including tele- 
20 metry means, in accordance with the present inven- 
tion to deliver a fibrillation inducing pulse train via the 
defibrillation/cardioversion leads and electrodes of 
the implanted defibrillator. 

Figure 2 is a flow chart illustrating the operation 
25 of the circuitry shown in Figure 1. 

Figure 3 is a graphical representation of a multi- 
phasic fibrillation inducing pulse train generated by 
firmware In the circuitry of FIG. 1 , which Is used to in- 
duce fibrillation in a heart for the purpose of testing 
30 an implanted cardiac defibrillator. 

Figure 4 is a graphical representation of an ap- 
proximation of the fibrillation inducing pulse train 
shown in Figure 3. which can be generated by utilizing 
the ratiometric capabllitis of the circuitry of Figure 1 . 

35 

DETAILED DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates an implantable electrical cir- 
cuitry for generating a multiphasic defibrillation wave- 

40 form. An external programmer, including telemetry 
means, is used to communicate with the implanted 
circuitry to deliver fibrillation inducing pulse trains via 
the defibrillation/cardioversion leads and electrodes 
of the already implanted defibrillator in accordance 

45 with the present invention. 

Techniques for defibrillation/cardioversion have 
evolved over the years from a truncated exponentially 
decaying waveform of a capacitor to more sophisti- 
cated waveforms, such as multiphasic waveforms. In 

50 this regard, it has been found that multiphasic wave- 
forms often are more effective in defibrillating the 
heart. The circuit for generating multiphasic defibril- 
lation waveforms shown in FIG. 1. and the operation 
of which is illustrated by the flow chart in FIG. 2 is 

55 more fully disclosed in copending U.S. Patent Appli- 
cation S.N. , entitled: Method 
and Apparatus for Generating Multiphasic Defibrilla- 
tion Waveforms Based on Pulse Width Ratios, which 
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was filed on the same dale as this application. The 
disclosure of which copending application is hereby 
incorporated by reference. 

In accordance with the present invention, the cir- 
cuit shown in FIG. 1 for example, can be used to re- 5 
moteiy induce fibrillation for the purpose of testing the 
effectiveness of the implanted defibrillator prior to 
discharging the patient from the hospital. 

Traditionally, testing of an implanted defibrillator 
has been accomplished by passing a catheter into the 10 
patient and inducing fibrillation via the catheter. Re- 
cently, however, remote control of an already implant- 
ed defibrillator has been accomplished by using an 
external programmer device or other similar device. 
An external programmer includes telemetry means is 
that provides non-invasive control and interrogation 
of an implanted defibrillator. The external program- 
mer may include a telemetry wand to communicate 
with the implanted device via RF signals. 

According to the present invention, by using an 20 
external programmer or other similar device, fibrilla- 
tion can be induced via the leads and electrodes of 
the already implanted defibrillator. 

With reference to FIG. 1, an external programmer 
1 50 (or other similar device) having a telemetry wand 25 
152 is used to non-invasively cause the circuitry 100 
of the present invention to deliver a multiphasic fibril- 
lation inducing pulse train, rather than a multiphasic 
defibrillation waveform. An ideally effective fibrillation 
Inducing pulse train 140 is illustrated in Figure 3. All 30 
of the pulses constituting the pulse train 140 have the 
same nominal voltage which is typically on the or- 
der of 15 volts but may be as low as 9 volts, with suc- 
cessive pulses alternating in polarity between nega- 
tive and positive polarity. The pulse width t^ for each 35 
pulse is preferably 1.1 milliseconds, while the delay 
time t<j between successive pulses can range from 30 
to 50 milliseconds. A delay time of 30 milliseconds 
provides a high rate of pulses, while a 50 millisecond 
delay time provides a slower rate of pulses. The pulse 40 
widths are shorter than those which are used for de- 
fibrillation purposes. Likewise, the pulse width per- 
centages P2, P3 Pn are all programmed to equal 

100 percent such that all pulses subsequent to the 

first have the same pulse widths t2. h tn as the first 45 

pulse. 

The circuitry 100 Is provided with logic which, 
upon detecting via the external programmer 150 or 
other similar device the command to induce fibrilla- 
tion, directly causes a pulse train to be emitted with a so 
predetermined pulse width equal to tw, a nominal vol- 
tage equal to V„, and delay time equal to td- The logic 
can accomplish this by causing the charge control 
logic 108 to charge the capacitor 128 to a predeter- 
mined voltage equal to or slightly higher than Vp. Next, 55 
the additional logic temporarily overrides the circuitry 
1 00 of Figure 1 causing switches si and s4 to close for 
tw milliseconds, then causing the switches to open for 
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the delay time td and thereafter dosing switches s2 
and s3 for tw milliseconds, this process being repeat- 
ed by the additional logic until a predetermined period 
of time equal to the desired duration of the pulse train 
(preferably 2 - 5 seconds) has elapsed. In this man- 
ner, the pulse train is provided without having to de- 
tect any voltages other than the starting voltage of 
the capacitor. 

Alternatively. Figure 4 illustrates a close approx- 
imation 140' of the pulse train 140 of Figure 3, which 
can be generated by by using ratiometric capabilities 
of the circuitry 100. This approximation 140' is pri- 
marily achieved by choosing values of Vq and 
which, in addition to being slightly greater than Vn, are 
very close to one another such that a shorter pulse 
width ti (comparable to tw« and shorter than that 
which is used for defibrillation purposes) is achieved 
for the first pulse. Likewise, the pulse width percen- 
tages P2, P3 Pn are all programmed to equal 100 

percent such that all pulses subsequent to the first 
have the same pulse widths t^. t3, t^ as the first 
pulse. 

The approxinnated fibrillation inducing pulse train 
140* can also be generated without the need for pro- 
gramming the pulse width percentages. Instead, the 
circuitry 100 can be provided with logic which upon 
sensing via the external programmer 150 or other 
similar device the need to induce fibrillation, causes 
the contents of the data buffer 112 to be provided to 
the pulse control logic 118 in place of the result from 
the multiplier 110. Consequently, rather than provid- 
ing the result from the multiplier 110 to the pulse con- 
trol logic 118. the actual value of ti from the data buf- 
fer 118 is provided. Hence, all subsequent pulses are 
automatically delivered with the same pulse width as 

Furthermore, modifications may be made to the 
circuitry 100 shown in Figure 3. for the purpose of de- 
livering fibrillation inducing pulse trains, without de- 
parting from the scope and spirit of the present Inven- 
tion. For instance, the pulses or "mini-shocks" can be 
delivered in alternating polarity as set forth above, or 
all in the same polarity. Each pulse is delivered as a 
monphasic fixed pulse width shock, with short charge, 
cycles between pulses. The shocks are delivered to 
the defibrillation electrodes by the four switch 
81.82,83.84 switch bridge network. Such use of the 
same output circuit for the fibrillation inducing pulses 
as the normal defibrillation pulse delivery has not pre- 
viously been provided. The very high rate delivery 
through the larger shocking electrodes allow stimula- 
tion of a larger part of the heart. 

Further, retriggering capability is provided to al- 
low the delivery of a burst of pulses for any desired 
duration. The delivery being controlled by a user 
pressing and holding a button or key on the program- 
mer. In a preferred embodiment the pulse train is 2 - 
5 seconds long. 
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Alternative embodiments of the invention would 
provide higher rates of delivery of the fibrillation puls- 
es, for instance at 8 to 16 milliseconds. Lower pulse 
amplitudes would result in less energy delivery, and 
higher output impedance with provide for better cur- 
rent limiting. 

The above description is intended by way of ex- 
ample only and is not intended to limit the present in- 
vention in any way except as set forth in the following 
claims. 
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Claims 



1. 



2. 



An implantable apparatus for generating a def i- is 
brillation/cardioversion waveform for application 
to defibrillation electrodes, including an external 
programming means for causing said implantable 
apparatus to generate a multiphasic fibrillation in- 
ducing pulse train, each of said pulses being 20 
separated by a delay time tc with each pulse hav- 
ing a pulse width t^, and a nominal voltage Vp. 

The apparatus of claim 1 . wherein said delay time 
td is set between 30 - 50 milliseconds, said pulse 25 
width is 1.1 milliseconds, and said nominal vol- 
tage Vn is 15 volts for each of the pulses, said 
pulse train being 2 - 5 seconds long. 

The apparatus of claim 1 . wherein said fibrillation 
inducing pulse train is delivered to said def ibrilla- 
tion electrodes. 

The apparatus of claim 1, wherein said implant- 
able apparatus includes logic means which in re- 
sponse to said external programming means 
causes said implantable apparatus to generate a 
fjbrillation inducing pulse train with a predeter- 
mined pulse width and a predetermined time de- 
lay. 
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